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ABSTRACT 
 
This study aimed to assess the effects of tree manures in comparison with NPK 
fertilizer on growth of Acacia senegal seedlings. It was conducted in the nursery of the 
Faculty of Forestry, Shambat, during August 2008 and January 2009. The growing media 
were prepared by mixing ground foliage of tree with a clay soil (weight/volume) as 
follows:- Albizia lebbeck (AL): 25 g, 50 g and 75 g; Azadirachta indica (AZ): 25 g, 50 g 
and 75 g; Khaya senegalensis (KH): 25 g, 50 g and 75 g; NPK fertilizer: 30 g per 
seedling. A. senegal seed germination percentage increased significantly in tree manures 
in comparison with NPK and control media. A. senegal seedlings’ growth in the 
treatments varied as follows:- AZ = NPK <AL < KH < control for shoot length; KH > 
AL > AZ > NPK > control for root length; AZ < NPK > KH > AL < control for diameter; 
NPK = AZ > AL > KH > control for shoot biomass and AZ > NPK > KH > AL < control 
for root biomass. Therefore, A. senegal seedlings' growth was higher in A. indica and 
NPK fertilizer media, moderate in A. lebbeck media and poor in K. senegalensis and the 
control media. However, the root growth occurred at an opposite rate outlined for the 
other growth parameters. These findings indicate good fertilizing and ameliorating 
potential of tree manures and can be used in nursery growing media and as substitutes for 
inorganic fertilizers. 
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INTRODUCTION 
 
Trees are known to contribute in ameliorating the soil conditions and replenishing 
nutrients to crops. Trees and forests accumulate organic matter and nutrients within their 
ecosystems through biogeochemical cycling, capturing atmospherical depositions and 
biological fixation. Forests and trees are the main sources for the soil organic matter. 
Through the biogeochemical mechanism, trees are capable to cycle and immobilize huge 
amounts of nutrients in their biomass and the solum (Johnson et al., 1998; Montagnini et 
al., 2000; Hunter 2001; Young, 2002; Deans et al., 2003; Harmand et al., 2004; 
Laclau et al., 2010; Smailla et al., 2011; Carnol and Bazgir, 2013). However, much 
of the nutrients immobilized in the woody biomass are not readily available, and would 
be sequestered until the end of the tree revolution age or exploitation by the human being. 
The most dynamic part of the tree biomass is the litter constituted mainly from dead 
foliage and roots, and which is turned-over annually (Nwoboshi, 1977; MacDonald, 
1981; Nair, 1993; Mafongoya et al., 1998; Semwal et al., 2003; Bot and Benites, 2005; 
Goma-Tchimbakala and Bernhard-Reversat, 2006; Mweta et al., 2007; Berg and 
McClaugherty, 2008; Kiser et al., 2013; Xiaogai et al., 2013). Annual litter fall in 
tropical forests ecosystems may amounts to 10 - 15 tons ha
-1
yr
-1
 (Duchaufour, 1984; 
NAP, 1992; Muoghalu, et al., 1993; Vitousek et al., 1995; Priess et al., 1999; 
Descheemaeker et al., 2006). 
Tree manure (biomass) can be incorporated through human intervention into 
exploitable systems such as agrforestry, or collected, transformed and transferred to other 
utilization practices such as farms, orchards and nurseries (Whitbread et al., 1999; 
Sanchez, 1999; Rao and Mathuva, 2000; Mandal et al., 2003; Schroth and Sinclair, 
2003; Reddy et al., 2003; Graves et al., 2004; Sangakkara et al., 2006). Regarding the 
quantity and quality of biomass to be exploited for agriculture or forestry purposes; this 
usually does not pose much worry for concerned managers, for there are variable 
strategies and targets pursued in applications. In some cases, the tree biomass utilization 
may be destined to rapidly replenish nutrients to the soil and crops, and so, the quick 
decomposing type of biomass must be used. But if the target is to build up organic matter 
into the soil, thus slow decomposing forms of biomass must be applied (Berg and 
McClaugherty, 2008; Mubarak et al., 2008). Usually, the tree manure has sufficient 
nutrients to satisfy the crop requirements the baisic elements. In addition the tree manure 
is considered to be a clean sourse of nutrients to the terrestrial ecosystems, i.e. 
environmentally friendly (Eghball et al., 2004). Even though, some inconveniences may 
arise when using fresh forms of tree biomass, from beig allelopathic to crops and from 
harboring diseases and pests (Cooperband, 2002; Uddin et al., 2007; Whiting et al., 
2009). 
The objectives of this study were: to characterize tree foliage manures of Albizia 
lebbeck, Azadirachta indica and Khaya senegalensis; to assess the effects of the selected 
tree manures on growth and development of Acacia senegal seedlings in nursery mixtures 
with a clay soil and in comparison with NPK fertilizer; to screen the appropriate tree 
manures and the adequate doses suitable for good nursery stock raising. 
 
MATERIALS AND METHODS 
 
The study was conducted in the nursery of the Faculty of Forestry, University of 
Khartoum, Shambat. It is located on the eastern bank of the Nile River and it is 
surrounded by farms and wood lots, which render the ambiant microclimatic conditions 
of the area much cooler than the drier inlands. Seeds of Acacia senegal (L.) Wild.) 
selected for the bioassay to tree manure and NPK fertilizer were procured from the Tree 
Seed Center, at the Forestry Research Center, Khartoum. The seeds were delivered 
pretreated by conc. H2SO4 for 30 minutes to break seed-coat dormancy and to facilitate 
germination. The containers for nursery stock raising consisted of black cylindrical 
polythene bags (15x25 cm), sealed at one end, and perforated to their third height; they 
were acquired from the local market. The growing meia ingredients consisted of a clayey 
soil (Vertisols) and tree manures from Shambat area plus NPK fertilizer (17-17-17) 
acquired from the local market. The tree manure was prepared from air dried and ground 
foliage ( = 0.5 mm) of Azadirachta indica A. Juss., Albizia lebbeck (L.) Benth. and 
Khaya senegalensis (Des.) A. Juss. trees. The fresh foliage was collected from different 
trees (5 for each species and at various positions on the crowns) and from different sites 
surrounding the Faculty of the Forestry. 
Tree manures were thoroughly mixied with the clay soil and then packed in the 
polythene bags. Three doses of 25, 50 75 g from each tree manure type were chosen. The 
NPK fertilizer was added in five doses of 6 g per month (30 g in total) during the 
experimentation period, lest that the stuff might cause burning to the seedlings. Each 
treatment was replicated for 25 times, in view to withdraw 5 bags (seedlings) monthly 
and thus the total prepared bags were 275. The bags were arranged in the nursery beds in 
a randomized complete block design. The resulting treatments were: 1/ Control: without 
any addition; 2/ NPK: with addition of 6 g per month per bag; 3/ AL1: with addition of 
25 g of ground A. lebbeck foliage powder; 4/ AL2: with addition of 50 g of ground A. 
lebbeck foliage powder; 5/ AL3: with addition of 75 g of ground A. lebbeck foliage 
powder; 6/ AZ1: with addition of 25 g of ground A. indica foliage powder; 7/ AZ2: with 
addition of 50 g of ground A. indica foliage powder; 8/ AZ3: with addition of 75 g of 
ground A. indica foliage powder; 9/ KH1: with addition of 25 g of ground k. senegalensis 
foliage powder; 10/ KH2: with addition of 50 g of ground k. senegalensis foliage powder; 
11/ KH3: with addition of 75 g of ground k. senegalensis foliage powder. 
A. senegal seeds were sown on 28
th
 August 2008 directly in the prepared 
polythene bags (2 to 3 seeds per bag) and thinly covered with own substrate. Watering 
(tap water) was done once every two days over the experiment period. Other silvicultural 
operations including weeding, seedling lifting and root cutting were carried out as 
routinely run in the nurseries. The seedlings were later thinned to one plant per polythene 
bag. Monitoring of nursery trials lasted for 5 months. Growth parameters measurements 
started one month from sowing date, the parameters measured monthly were: 1/ Shoot 
length; 2/ Shoot diameter; 3/ Root length and 4/ Shoot and root masses. 
Soil and tree manure physicochemical determinations in the laboratory were 
carried out according to the international procedures (Page 1982; Klute 1986; Kalra 
1998). Air dry composite-samples of soils and tree manure (mixture of 3 samples) were 
used to analyse particle size distribution, bulk density, pH, electrical conductivity (Ec.), 
soluble cations (Ca, Mg, Na and K), Nitrogen, Phosphorous and organic carbon. 
Data from intermediate readings of growth parameters were processed by excel 
software and presented into temporal variation curves. While the final measurements of 
the growth parameters were subjected to Analysis of Variance (ANOVA) by SAS 
program (2004) and the significant differences between the means of the treatments were 
assigned according to Duncan Multiple Range Test. 
 
RESULTS 
 
Characterization of the Growth media (soil and tree manure):  
The particle size distribution of the soil used was predominated by clay (45.7%) and sand 
(43.2%), hence its texture class was sandy clay. Its reaction was neutral with ph value of 
7.5. It was slightly saline (with Ece of 5.0 dS/m). It was sodic with exchangeable sodium 
of 26.0 mmol+/l and SAR of 7.5. The soil had relatively high content of Ca and Mg 
(Ca+Mg = 24 mmol+/l), but it had very low organic carbon, nitrogen and phosphorus 
with values of 1.7%, 0.01% and 4.6 mg/l, respectively. 
The organic carbon and hence the organic matter contents of these tree manures 
have similar values. Albizia lebbeck and Azadirachta indica have high contents of protein 
and nitrogen, which were very close to each other in the two species manures; value 
magnitudes of protein and nitrogen in these species were more than 2 folds of that in 
Khaya senegalensis (Table 1). Carbon to nitrogen ratios (C/N) in Albizia lebbeck and 
Azadirachta indica manures had similar values, which can be categorized as medium 
range values (~ 15). But C/N ratio in Khaya senegalensis manure was about 2 folds (32) 
of that in the other tree manures and it is considered to be situated in the medium to 
higher range values of this index. No greate differences were found in the calcium and 
magnesium contents in the manures of these tree species. Even though, potassium and 
phosphorus contents in Albizia lebbeck and Azadirachta indica manures were slightly 
higher than that of their respective values Khaya senegalensis manure.  
 
Effects of tree manures and NPK fertilizer on germination of A. senegal seeds: 
Seeds of A. senegal were directly sown in the media without pretreatment because 
they germinate easily. The A. senegal seed germination percentage in the clay media 
amended with the different tree manures and NPK fertilizers was found to range in the 
following order: 52-69% in media with Azadirachta indica manures; 49-56% in media 
with Albizia lebbeck manures; 37% in NPK fertilizer media; 27-37% in media with 
Khaya senegalensis and 35% in the control media. 
 
Temporal growth variation of A. senegal seedlings as affected by tree manures and 
NPK fertilizer: 
A) Shoot height: Comparison of A. senegal seedlings’ shoot height growth in Albizia 
lebbeck tree manures, NPK fertilizer and the Control media showed that the seedlings had 
almost identical values of shoot heights after one month from sowing date (August 2008); 
divergence of seedlings’ growth rate in the various media started as from September 2008 
onwards (Figure 1a). Shoot growth in the NPK treatment preceded upwards with large 
increments of 8.5 cm per month on the average. Seedlings shoot height in the Albizia 
lebbeck manures grew in very close rates to each other till the end of monitoring period 
with monthly average increment of 5.3 cm. Seedlings shoot heights in the Control grew at 
slightly lower parallel rate to that in Albizia lebbeck manures with mean monthly 
increment of 4.3 cm. 
Comparison of A. senegal seedlings’ shoot height growth in Azadirachta indica 
manures, NPK fertilizer and the Control media showed that the seedlings had almost very 
close values of shoot heights after one month from sowing date (Figure 1b). After wards, 
seedlings shoot height growth rate was very strong in NPK fertilizer and AZ3 media, in 
which the growth rate was identical all along the monitoring period and with a mean 
monthly increment of 8.5 cm. The other Azadirachta indica manures (AZ1 and AZ2) 
induced similar shoot height growth rate, with a mean monthly increment of 6 cm. 
Seedlings height growth rate in the Control occurred at a lower parallel rate to that of 
Azadirachta indica manures’ media. 
 
 
Table 1. Chemical analysis of manures Albizia lebbeck, Azadirachta indica and Khaya 
senegalensis 
Tree species OC
†
 
(%) 
OM
‡
 
(%) 
Protein 
(%) 
N 
(%) 
C/N Ca 
(%) 
Mg 
(%) 
K 
(%) 
P 
(%) 
Albizia lebbeck 47.7 95.4 20.5 3.3 14.5 2.1 0.8 2.0 1.1 
Azadirachta indica 48.2 96.4 19.8 3.7 13.0 2.4 0.6 2.4 1.1 
Khaya senegalensis 48.5 97.0 9.1 1.5 32.0 2.5 0.6 0.9 0.8 
†
OC: Organic carbon; 
‡
OM: organic matter. 
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Figure 1. Comparison of A. senegal seedlings’ shoot growth variation in the Control (), 
NPK fertilizer (□) and tree manures: A: A. lebbeck; B: A. indica and C: Kh. 
senegalensis manures; ∆: 25, ○: 50 and *:75 g. 
Comparison of A. senegal seedlings’ shoot height growth in Kh. senegalensis 
manures, NPK fertilizer and the Control media showed that the seedlings had almost very 
close values of shoot heights after one month from sowing date (Figure 1c). A. senegal 
seedlings shoot height was the strongest of all media through out the monitoring period. 
Media with intermediate Kh. senegalensis manure doses induced similar shoot height 
growth of the seedlings, and which occurred at a lower parallel line to that of NPK 
fertilizer media and with an average monthly increment of 6 cm. While seedling shoot 
height in the Kh. senegalensis highest dose medium (KH3) was less strong than in the 
intermediate doses (KH1 and KH2), and with a mean monthly increment of 5.6 cm. 
 
B) Root length:  
Comparison of A. senegal seedlings’ root length growth in Albizia lebbeck 
manures, NPK fertilizer and the Control media showed that the lower dose of Albizia 
lebbeck manure induced the highest rate of the seedlings growth, with a mean monthly 
increment of 6.7 cm (Figure 2A). The larger dose of Albizia lebbeck manure produced the 
lowest rate of the seedlings growth, with a mean monthly increment of only 4.9 cm. The 
seedlings growth rates in NPK fertilizer, the Control treatments became identical as from 
November 2008 until the end of the monitoring period, and their respective mean 
increment rates were 3.7 and 5.7 cm per month. 
Comparison of A. senegal seedlings’ root length growth in Azadirachta indica 
manures, NPK fertilizer and the Control media showed that the lower dose of 
Azadirachta indica manure induced the highest rate of the seedlings growth, with a mean 
monthly increment of 9.1 cm (Figure 2B). The two higher doses of Azadirachta indica 
manures (AZ2 and AZ3) produced much weaker growth rates than the lower dose, and 
with corresponding mean monthly increments of 6.7 and 8.1 cm, respectively. The NPK 
fertilizer and the Control treatments effects on root growth were much less lower than 
induced by Azadirachta indica manures. 
Comparison of A. senegal seedlings’ root length growth in Khaya senegalensis 
manures, NPK fertilizer and the Control media showed that all the doses of Khaya 
senegalensis manures almost induced identical seedlings growth rates, particularly as 
from October onwards (Figure 2C); their mean monthly growth increment was 7.2 cm. 
Effects of NPK fertilizer and the Control treatments on the root growth were much 
weaker and occurred at a lower parallel rate to that produced by Khaya senegalensis 
manures. 
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Figure 2. Comparison of A. senegal seedlings’ root growth variation in the Control (), 
NPK fertilizer (□) and tree manures: A: A. lebbeck; B: A. indica and C: K. 
senegalensis manures; ∆: 25, ○: 50 and *:75 g. 
 C) Diameter:  
Comparison of A. senegal seedlings’ diameter growth in Albizia lebbeck manures, 
NPK fertilizer and the Control media showed that the NPK fertilizer has induced stronger 
diameter of the seedlings than all the other media (Figure 3A), with a mean monthly 
increment of 1 cm. The lower Albizia lebbeck manure dose produced effects on diameter 
growth that occurred in the second range to that of NPK fertilizer and with a mean 
monthly increment of 0.9 cm. The higher Albizia lebbeck manure doses (AL2 and AL3) 
and the Control engendered identical diameter groth rates all along the monitoring period 
and with a mean monthly increment of 0.7 cm. 
Comparison of A. senegal seedlings’ diameter growth in Azadirachta indica 
manures, NPK fertilizer and the Control media showed that the NPK fertilizer and the 
Azadirachta indica manures have induced very close diameter growth rate of the 
seedlings that occurred at close parallel lines through out the monitoring period (Figure 
3B). The effects of the larger Azadirachta indica manure dose were, however, the 
strongest among all the other treatments with a mean monthly increment of 1.2 cm. The 
Control effects on seedlings diameter growth rate were the weakest among all the 
treatments. 
Comparison of A. senegal seedlings’ diameter growth in Khaya senegalensis 
manures, NPK fertilizer and the Control media showed that the NPK fertilizer and the 
Khaya senegalensis manures have induced almost identical diameter growth rates of the 
seedlings from the sowing date up to the third month at November 2008 (Figure 3C). 
After that, the NPK fertilizer treatment distincted from the other treatments and produced 
strong seedlings diameter growth rate; even though, the general mean monthly increment 
groth rate of these treatments was 1 cm. The Control treatment gave the least strong 
diameter growth rate from all the other treatments. 
 
Final assessment of effects of NPK fertilizer and tree manures on growth of A. 
senegal seedlings:  
The comparison between the NPK fertilizer, tree manures and the Control has 
revealed that, the larger manure dose of Azadirachta indica (AZ3) and the NPK fertilizer 
gave the highest shoot length of Acacia senegal seedlings, and which were significantly 
different (p < 0.05) from the Control; mean shoot heights in these treatments was 17.6 cm 
greater than in the Control (Table 2). The other tree manures induced seedlings shoot 
heights which were invariably higher than the Control but without showing significant 
differences. The lower doses of tree manures, particularly those of Khaya senegalensis 
(KH1 and KH2) performed well in raising the seedlings height in the second place to 
NPK fertilizer and the larger dose of Azadirachta indica manure. The shoot/root ratio 
values of all the treatments were under unity except for the NPK fertilizer and the larger 
dose of Azadirachta indica manure, and which were on the other hand, significantly 
different (p < 0.05) from the rest of the treatments. The lower tree manure doses had 
generally smaller shoot/root ratio values than the Control. Assessments on treatments’ 
effects on seedlings root length growth showed that the tree manures, especially, the 
lower doses induced the greatest root lengths; the larger tree manure doses performed less 
strongly. Effects of NPK fertilizer on the root length were identical to the Control. Even 
though, no significant differences were discerned on the effects of all treatments on the 
seedlings root length. 
Examination of effects of tree manures and NPK fertilizer on the A. senegal 
seedlings diameter growth, has showed that the A. indica manures and the NPK fertilizer 
have induced the greatest diameter growth values, 6.3 mm on the average, and were 
significantly different (p < 0.05) from the rest of the treatments (Table 2). The second 
greater diameter growth was engendered by the manures of K. senegalensis and the lower 
dose of A. lebbeck manure and which were significantly different from the other 
treatments. Then, the Control and the larger doses of A. lebbeck manures were the least 
effective in stimulating the diameter growth and the corresponding values were 
significantly different from the other treatments. 
For the shoot mass, the comparison between the NPK fertilizer, tree manures and 
the Control has shown that, the NPK fertilizer and the larger dose of A. indica manure 
(AZ3) have produced the highest A. senegal seedlings shoot mass, and which values were 
significantly different from the other treatments. Mean while, the Control and the lower 
dose of K. senegalensis manure (KH1) have given the lowest seedlings shoot masses, and 
with corresponding values significantly different from the other treatments. The rest of 
the tree manure doses produced seedlings shoot masses that fell in the second range to the 
two groups of treatments described above. On the other hand, the higher doses of A. 
indica manures (AZ3 and AZ2) have induced greater root masses than the other 
treatments and with significant differences at p < 0.05. NPK fertilizer and the larger doses 
of K. senegalensis manures have produced the second bigger values of the seedlings root 
masses. Whereas, root masses given by A. lebbeck manures were close to the Control 
value and did not differ significantly. The treatments effects on the masses of the whole 
seedlings occurred in the following sequence: the first group consisted of the higher 
doses of A. indica manures (AZ3 and AZ2) and NPK fertilizer, then K. senegalensis 
(KH3 and KH1) and lower dose of A. indica manure (AZ1), and in the third place were 
higher doses of A. lebbeck manures (AL3, AL2 and AL1) and middle dose of K. 
senegalensis (KH2) and lastly was the Control. The shoot/root masses ratios were all 
above unity value. The Control and lower doses of A. lebbeck manures (AL2 and AL1) 
had the higher values (3.1 on the average), while the larger doses of K. senegalensis 
manures (KH3 and KH2) had the smaller values (1.2 on the average). 
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Figure 3. Comparison of A. senegal seedlings’ diameter growth variation in the Control 
(), NPK fertilizer (□) and tree manures: A: A. lebbeck; B: A. indica and C: K. 
senegalensis manures; ∆: 25, ○: 50 and *:75 g. 
  
Table 2. Acacia senegal seedlings growth parameters as affected by clay soil treated by 
tree manures and NPK fertilizer 
Treatments
‡
 Shoot 
height 
(cm) 
Root 
length 
(cm) 
Shoot/Root 
Lengths 
ratio 
Diameter 
(mm) 
Shoot 
mass 
(g) 
Root 
mass 
(g) 
Seedling 
mass 
(g) 
Shoot/Root 
mass ratio 
Control 36.9b 45.2a 0.8b 4.6c 1.6d 0.7d 2.3e 3.2a 
NPK 54.5a 45.4a 1.3a 6.3a 4.5a 2.0b 6.5a 2.3bc 
AL1 44.1ab 61.4a 0.7b 5.2b 2.4b 0.8d 3.3d 3.0ab 
AL2 40.7b 54.6a 0.8b 4.5c 2.8c 0.9d 3.7d 3.0ab 
AL3 41.5b 49.4a 0.9b 4.5c 2.8c 1.1c 3.8c 2.6ab 
AZ1 44.8ab 66.4a 0.7b 6.5a 3.3bc 1.4b 4.7b 2.5ab 
AZ2 43.0b 51.1a 0.9b 6.4a 3.9b 2.5a 6.3a 1.6cd 
AZ3 54.6a 53.8a 1.3a 6.7a 4.2a 2.7a 6.9a 1.6cd 
KH1 47.9ab 63.7a 0.8b 5.8b 2.9c 1.2c 4.1bc 2.6ab 
KH2 45.5ab 65.0a 0.7b 5.7b 1.9d 1.8b 3.8c 1.1d 
KH3 42.0b 61.0a 0.7b 5.5b 2.7c 2.1b 4.7b 1.3d 
‡
Control (zero addition); NPK fertilizer (addition of 30 g); AL: A. lebbeck, AZ: A. indica 
and KH: K. senegalensis; 1, 2 and 3 correspond to 25, 50 and 75 g of tree manure. Values 
in the column followed by different letter (s) are significantly different at p < 0.05. 
DISCUSSION 
 
The contents of protein, N, P, K and organic carbon in the K. senegalensis manure 
are lower than that in the A. indica and A. lebbeck tree manures. Our findings regarding 
N, P and K contents are in agreement with the Roy et al. (2006) who mentioned that 
nitrogen is the most abundant mineral nutrient in plants. It constitutes 2–4 percent of 
plant dry matter. Phosphorus is much less abundant in plants (as compared with N and K) 
having a concentration of about one-fifth to one-tenth that of N in plant dry matter. Also 
potassium is the second most abundant mineral nutrient in plants after N; it is 4 to 6 times 
more abundant than the macronutrients P, Ca, Mg and S. Organic carbon contents in 
these tree species are similar to what is observed in legumes tree species; even though, it 
is slightly lower in K. senegalensis than in the other species. C/N ratios in A. lebbeck and 
A. indica are low (15) denoting riches manure which should decompose readily. But, C/N 
ratio in K. senegalensis is twice higher than that in the precedent species, which implies 
that the foliage of this species is of acidic type (with high contents of polyphenols) which 
would not decompose easily and may tend to accumulate. 
A. senegal seed germination percentage was higher in the tree manure, 
particularly in the media containing A. indica and A. lebbeck manures when compared 
with the NPK fertilizer and the Control; seed germination percentages in K. senegalensis 
were similar to those in the Control. The higher germination percentages recorded in the 
media of tree manures could be attributed to the fact that tree manure when mixed with 
clay soil tend to lower bulk density, increase aeration and water holding capacity of the 
media and should eventually maintain higher germination. Önemli (2004) reported that 
seedling emergence vigor increases exponentially with increasing soil organic matter 
content. Bot and Benites (2005) reported that some of the humic and fulvic substances 
function as natural plant hormones (auxines and gibberillins) and are capable of 
improving seed germination; also some sugars may stimulate seed germination. TTSA 
(1996) reported that one kg of A. senegal seeds contains about 9000 seeds and may 
produce 8000 seedlings under ideal conditions. But, in many cases only 7000 seedlings 
per kg are obtained i.e. with germination percentage about 77.8%. Kung’u et al. (2008) 
found that compost-based growing medium gave higher seed germination percentage of 
Tamarindus indica as compared to sand and farm media (which gave the lowest seed 
germination percentage). Also, they reported that some researchers who work on A. 
indica, found a mixture of sand, soil and humus in the ration of 1:1:1 exhibiting higher 
germination percentage than either sand, red soil or black soil. Sangakkara et al. (2004) 
also found that the organic materials (rice straw and fresh Gliricidia leaves) increased 
germination. The low germination percentage recorded in the clay medium may be due to 
its impervious nature causing water logging, which in turn hampers gaseous exchange 
that inhibits seed germination and mortality ultimately (Kung’u et al., 2008). Even 
though, K. senegalensis manure did not stimulate A. senegal seeds germination with the 
same vigor as the other tested tree manures. In fact some types of organic matters are 
known to suppress seed germination through a process generally termed as allelopathic 
effects; in which phytotoxic compounds (polyphenols) damage or inhibit seed germination 
of many plant species (Magdoff and van Es, 2000; Said-Pullicino et al., 2007; Kung’u, et 
al,. 2008; Mubarak et al., 2009). 
The results summary of the effects of tree manures and NPK fertilization on the 
growth of A. senegcal seedlings has shown that the performance of the various treatments 
were as follows: NPK < A. indica (AZ) < A. lebbeck (AL) < K. senegalensis (KH) < 
Control (Cont). The stimulation of A. senegal seedlings growth by these substrates was 
due to their amelioration of the physicochemical conditions of the growing media. The 
treatments with the application of inorganic NPK fertilizer had a relatively higher 
performance than the tree manures, because the nutrients were availed readily through 
solubilization (Davey, 1984; Brozek and Wanic, 2002; Gungula and Tame, 2006). 
However, it is remarkable that the performance of the tree manures on A. senegal 
seedlings growth stimulation, particularly that of A. indica and A. lebbeck was identical to 
that of NPK fertilizer. This indicates that, the manures of these tree species are easily 
decomposable (have low C/N ratios) and release plenty of nutrients, and in addition to the 
organic matter that amends the media and nourish the seedlings (Mafongoya et al., 1998; 
Giller, 2001; Young, 2002; Mandal et al., 2003; Schroth and Sinclair, 2003). Besides, 
manure of A. indica is known to act as pest and disease control, thus helping to create 
healthy growing environment for the seedlings (NAS, 1992; Mordue et al., 2005; 
Agyarko et al., 2005; Helmy et al., 2007; Solomon et al., 2008). 
The low growth of A. senegal observed in the media amended with KH tree 
manure comparing to the other tree manures could be due to poor nutrient contents in this 
material and reduced decomposition rate due to high C/N ratio (Bot and Benites, 2005; 
Roy et al., 2006). More over, the seedlings growth might has been affected by high lignin 
and polyphenols in the KH manure, which are considered as phytotoxic substrates for 
some plants (Giller et al., 2006; Zeng et al., 2008). However, seedlings in KH manures 
had longer roots than the other used manure types; a plausible reason to this response 
may stem from the fact that, the manure of KH had low nutrient content and in addition 
its high lignin and polyphenols might have caused further nutrients immobilization, 
especially N and P, from the surroundings. In these conditions roots have to explore more 
soil volume in search of nutrients to aid the growth of the seedlings (Harris, 1992; Sileshi 
et al., 2007). 
 
CONCLUSIONS 
 
Results showed the great potential of tree manures (in comparison with NPK 
fertilizer and control treatments) which can be incorporated in the nursery growing 
media. Azadirachta indica tree manures applications induced the highest effects on 
A. senegal seedlings followed by Albizia lebbeck. Khaya senegalensis manure was 
however found unfavorable to A. senegal seedlings shoot height growth; but was 
inducive to root growth. Tree manures effects on A. senegal seedlings growth 
increased with increasing amounts of applications: 75 g > 50 g >> 25 g doses. 
Further work is needed to confirm these findings and to explore more combinations 
of other tree manures-seedlings treatments. 
 
REFERENCES 
 
Agyarko, K., Kwakye, P. K,. Bonsu, M., Osei, B. A. and Asante, J. S. (2005). Effect of 
neem and organic amendments on nematode populations in a coastal savanna 
tropicals. Phytoparasitica 33(4):343-346. 
Berg, B. and McClaugherty, C. (2008). Plant Litter (2
nd
 Ed.): Decomposition, 
Humus Formation and Carbon Sequestration. Springer-Verlag, Berlin 
Heidelberg. 341p. 
Bot, A. and Benites, J. (2005). The Importance of Soil Organic Matter. Key to Drought-
Resistant Soil and Sustained Food Production. FAO Soils Bulletin, 80. 
Carnol, M. and Bazgir, M. (2013). Nutrient return to the forest ﬂoor through litter 
and throughfall under 7 forest species after conversion from Norway spruce. 
Forest Ecology and Management 309: 66–75. 
Deans, J.D., Diagne, O., Nizinski, J., Lindley, D.K., Seck, M., Ingleby, K. and Munro, 
R.C. (2003). Comparative growth, biomass production, nutrient use and soil 
amelioration by nitrogen-fixing tree species in semi-arid Senegal. Forest Ecology 
and Management 176: 253-264. 
Descheemaeker, K., Muys, B., Nyssen, J., Poesen, J., Raes, D., Haile, M. and 
Deckers, J. (2006). Litter production and organic matter accumulation in 
exclosures of the Tigray highlands, Ethiopia. Forest Ecology and Management 
233: 21–35. 
Duchaufour, P., (1984). Abregé de pédologie, Masson, Paris, France. 220p. 
Giller, K.E. (2001). Nitrogen Fixation in Tropical Cropping Systems. CABI Publishing, 
CAB International, Wallingford, Oxon Ox108DE, UK. 423p. 
Giller, K., Misiko, M. and Tittonell, P. (2006). Managing organic resources for soil 
amendment. Leisa Magazine 22(4):16-17. 
Harmand, J.M., Njiti, C.F., Bernhard-Reversat, F. and Puig, H. (2004). Aboveground and 
belowground biomass, productivity and nutrient accumulation in tree improved 
fallows in the dry tropics of Cameroon. Forest Ecology and Management 188: 249-
265. 
Harris, R.W. (1992). Root-shoot ratios. Journal of Arboriculture 18(1): 39-42. 
Helmy, W.A., Amer, H. and EL-Shayeb, N.M.A. (2007). Biological and anti-microbial 
activities of aqueous extracts from Neem tree (Azadirachta indica A. Juss., 
Meliaceae). Journal of Applied Sciences Research 3(10):1050-1055. 
Hunter, I. (2001). Above ground biomass and nutrient uptake of three tree species 
(Eucalyptus camaldulensis, Eucalyptus grandis and Dalbergia sissoo) as 
affected by irrigation and fertiliser, at 3 years of age, in southern India. Forest 
Ecology and Management 144:189-199. 
Johnson, J.E., Bollig, J.J. and Rathfon, R.A. (1998). Above-ground biomass and 
nutrient distribution of released and fertilized yellow-poplar trees. Forest 
Ecology and Management 105: 231-240. 
Kiser, L.C., Fox, T.R. and Carlson, C.A. (2013). Foliage and Litter Chemistry, 
Decomposition, and Nutrient Release in Pinus taeda. Forests 4: 595-612. 
Kung’u, B.J., Kihara, J., Mugendi, D.N. and Jaenicke, H. (2008). Effect of small-scale 
farmers’ tree nursery growing medium on agroforestry tree seedlings’ quality in Mt. 
Kenya region. Full Length Research Paper. Scientific Research and Essay 3 (8): 
359-364. 
Laclau, J.P., Jacques Ranger, J., Gonçalves, J.L.M., Maquère, V., Krusche, A.V., M’Bou, 
A.T., Nouvellon, Y., Saint-Andre´, L., Bouillet, J.P., Piccolo, M.C. and Deleporte, 
P. (2010). Biogeochemical cycles of nutrients in tropical Eucalyptus plantations 
main features shown by intensive monitoring in Congo and Brazil. Forest Ecology 
and Management 259: 1771–1785. 
Mafongoya, P.L., Giller, K.E. and Palm, C.A. (1998). Decomposition and nitrogen 
release patterns of tree prunings and litter. Agroforestry Systems 38: 77-97. 
Magdoff, F. and van Es, H. (2000). Building soils for better crops. Sustainable 
Agriculture Network (SAN). The National Outreach ARM of Sustainable 
Agriculture Research and Education (SARE). U.S. Department of Agriculture. 
HandBook Series, Book 4. Second edition. 230 p. 
Mandal, U.K., Singh, G., Victor, U.S. and Sharma, K.L. (2003). Green manuring: its 
effect on soil properties and crop growth under rice-wheat cropping system. 
European Journal of Agronomy 19: 225-237. 
Mordue A.J., Morgan, E.D. and Nisbet A.J. (2005). Azadirachtin, a natural product in 
insect control. Comprehensive Molecular Insect Science 6: 117-135. 
Mubarak, A.R., Elbashir, A.A., Elamin, L.A., Daldoum, D.M.A., Steffens, D. and 
Benckiser, G. (2008). Decomposition and Nutrient Release from Litter Fall in 
the Semi-arid Tropics of Sudan. Communications in Soil Science and Plant 
Analysis 39: 2359–2377. 
Muoghalu, J.I., Akanni, S.O. and Eretan, O.O. (1993). Litter Fall and Nutrient 
Dynamics in a Nigerian Rain Forest Seven Years after a Ground Fire. Journal 
of Vegetation Science 4(3): 323-328. 
NAP (National Academies of Press) (1992). Neem: A Tree for Solving Global 
Problems. Report of an Ad Hoc Panel of the Board of Science and Technology 
for International Development, National Research Council, National 
Academies Press, Washington, D.C. USA. 152p. http://www.nap.edu. 
Önemli, F. (2004). The effects of soil organic matter on seedling emergence in sunflower 
(Helianthus annuus L). Plant Soil Environment 50(11): 494–499. 
Priess, J., Then C. and Fölster, H. (1999). Litter and fine-root production in three 
types of tropical premontane rain forest in SE Venezuela. Plant Ecology 143: 
171-187. 
Roy, R.N., Finck, A., Blair, G.J. and Tandon, H.L.S. (2006). Plant Nutrition for Food 
Security. A Guide for Integrated Nutrient Management. FAO fertilizer and plant 
nutrition bulletin 16.  
Said-Pullicino, D., Erriquens, F.G. and Gigliotti, G. (2007). Changes in the chemical 
characteristics of water-extractable organic matter during composting and their 
inﬂuence on compost stability and maturity. Bioresource Technology 98:1822–
1831. 
Sangakkara, U.R., Liedgens, M., Soldati, A. and Stamp, P. (2004). Root and shoot 
growth of maize (Zea mays) as affected by incorporation of Crotolaria juncea and 
Tithonia diversifolia as green manures. Journal of Agronomy and Crop Science 
190: 339-346. 
Schroth, G. and Sinclair, F.L. (2003). Trees Crops and Soil Fertility: Concepts and 
Research Methods. CABI Publishing, Wallingford, UK. 451p. 
Semwal, R.L., Maikhuri, R.K., Rao, K.S., Sen, K.K. and Saxena, K.G. (2003). Leaf 
litter decomposition and nutrient release patterns of six multipurpose tree 
species of central Himalaya, India. Biomass and Bioenergy 24: 3–11. 
Sileshi, G., Akinnifesi, F. K., Mkonda, A. and Ajayi, O. C. 2007. Effect of growth media 
and fertilizer application on biomass allocation and survival of Uapaca kirkiana 
Müell Arg seedlings. Scientific Research and Essay 2 (9): 408-415. 
Smailla, S.J., Clintona, P.W., and Höckb, B.K. (2011). A nutrient balance model 
(NuBalM) to predict biomass and nitrogen pools in Pinus radiata forests. Forest 
Ecology and Management 262: 270-277. 
Solomon, M.G., Paul, B.O. and Umoetok, S.B.A . (2008). Effects of neem extracts on 
soil properties, microbial populations and leaf area of fluted pumpkin (Telfairia 
occidentalis). Research Journal of Agronomy 2 (1): 12-17. 
TTSA (Tanzania tree seed agency), (1996). Handling Seeds of Acacia senegal (Gum 
Arabic). Seed Issue Note No. (50). S. L. P. 373, Morogoro – Tanzania. 
Vitousek, P.M., Gerrish, G., Turner, D.R., Walker, L.R. Mueller-Dombois, D. 
(1995). Litterfall and Nutrient Cycling in Four Hawaiian Montane Rainforests. 
Journal of Tropical Ecology 11(2):189-203. 
Xiaogai, G., Lixiong, Z., Wenfa, X., Zhilin, H., Xiansheng, G. and Benwang, G. 
(2013). Effect of litter substrate quality and soil nutrients on forest litter 
decomposition: A review. Acta Ecologica Sinica 33: 102-108. 
Young, A. 2002. Effects of Trees on Soils, the Natural Farmer (Special Supplement on 
Agro-Forestry Soil Fertility and Land Degradation). Website: www.nofa.org.  
Zeng, R.S., Mallik, A.U. and Luo, S.M. (2008). Allelopathy in Sustainable Agriculture 
and Forestry. Springer Science+Business Media, LLC, 233 Spring Street, New 
York, NY10013, USA. 389p. 
 
